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Challenges	in	Context	
•  PSF	
– Similar	to	or	beUer	than	Chandra’s:	~0.5”	HPD	
•  Mass	
– Similar	to	Chandra’s:	~1,500	kg	
•  Photon	collec3ng	area	
– At	least	10X	Chandra’s	
•  Cost	
– Comparable	to	Chandra’s	in	RY$	or	
– Less	than	0.5X	Chandra’s	in	constant	$	
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Approach:		
Mirrors	à	Meta-Shells	à	Assembly	
William	W.	Zhang			NASA/GSFC	 4	
Single	Crystal	Silicon	Mirrors	
Meta-shell:	mirrors	bonded	onto	a	
silicon	structural	shell	using	silicon	
spacers	and	epoxy	
Assembly:	Many	meta-shells	
aligned	and	ﬂexure-mounted	
onto	an	aluminum	or	
composite	spider	web	
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No3onal	Design	of	an	X-ray	
Surveyor	Mirror	Assembly	
•  Focal	length:	10	m	
•  Outer	diameter:		2	m	
•  Inner	diameter:	0.3	m	
•  No.	of	mirror	layers/shells:		~400	
•  Physical	mirror	surface	area:	~250	m2										
(cf.	Chandra’s	19	m2)	
•  Eﬀecfve	area	at	1	keV:	~1.2	m2											
(cf.	Chandra’s	0.08	m2)	
•  Diﬀracfon	limit	at	1	keV:		0.36”		(90%	Power	
Diameter)	
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à	25,000	mirrors,	each	100	x	100	x	0.5	mm3	
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Magnitude	of	the	Challenge	
•  Fabricate	~25,000	mirrors	
– Typical	mirror:	100mm	by	100mm	by	0.5mm	
– Technical,	cost,	and	schedule	challenges	
•  Align	and	bond	these	mirrors	onto	~20	meta-
shells	
– Technical	and	schedule	challenges	
•  Integrate	~20	meta-shells	into	an	assembly	
– No	challenge.	Substanfally	similar	to	XMM-
Newton’s	and	Chandra’s	mirror	integrafon.	
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Mirror	Fabrica3on	
•  So	far	the	ONLY	way	to	fabricate	mirrors	that	
meet	requirements	is	precision	polishing.		
•  Polishing	has	two	problems	
–  It	has	only	made	thick	mirrors	
•  Typical	aspect	rafo	(size/thickness):	~6	to	10	
•  X-ray	Surveyor	requirement	(size/thickness):	~200	
–  It	is	slow	and	expensive	
•  We	are	developing	two	solu3ons		
– Use	single	crystal	silicon	
– Adopt	mass	producfon	techniques	
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Why	Single	Crystal	Silicon?	
•  It	has	no	internal	stress	
–  Damage-free	removal	of	material	from	the	surface	
does	not	lead	to	unpredictable	ﬁgure	change,	in	
contrast	to	thin	sheet	of	glass.	
•  It	has	excellent	proper3es	
–  Low	density	
–  High	thermal	conducfvity	
–  Low	thermal	expansion		
–  High	elasfc	modulus	
•  It	is	commercially	and	inexpensively	available	
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Mirror	Fabrica3on	
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Fabricafon		
Process:	
	
~15	hours	of	labor	
~4	days	of	fme	
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Mirror	Fabrica3on	Process	
•  Genera3on:	se[ng	radius	and	cone	angle	
•  Light-weigh3ng:	removing	the	extra	pounds	
•  Acid	etch:	removing	damage	and	stress	
•  Stress-polishing:	making	precise	op3cs	
•  Trimming:	making	it	ﬁt		
•  Edge	treatment:	preven3ng	breakage	
•  Metrology:	verifying	ﬁgure	quality	
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Building	a	Meta-shell	
First	shell	
Bonding	
spacers	
Spacer	aligner	
GSE	end	plates	
Air	bearing	spindle	
Spacer	height	
measurement	
laser	
Structural	shell	
Meta-shell	
(three	shells	
shown)	
Spider	
(aluminum	or	
composite)	
Flexure	mounts	
(internal)	
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Meta-shell	Makeup:	
Silicon	mirrors,	Silicon	
spacers,	and	trace	
amounts	of	iridium	and	
epoxy	
•  Spindle	deﬁnes	the	op3cal	axis.	
•  Each	mirror	is	bonded	at	4	loca3ons.	
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System	Level	Issues	
•  Structural		
–  A	meta-shell	of	many	mirrors	bonded	with	Hysol	
9309	epoxy	can	withstand	generic	launch	load.	
•  Thermal		
–  A	meta-shell	can	achieve	beUer	than	1”	PSF	
performance	under	typical	on-orbit	thermal	
condifons.	
•  Gravity	release	
–  A	meta-shell	constructed	with	its	opfcal	axis	in	the	
horizontal	direcfon	can	achieve	beUer	than	1”	PSF	
once	gravity	is	released.	
William	W.	Zhang			NASA/GSFC	 12	11/1/2016	
Areas	of	Development	
•  Mirror	Fabrica3on	
–  Figure	quality	improvement	(currently	at	~3”	HPD)	
–  Fabricafon	fme	reducfon		
•  Coa3ng	
–  Atomic	layer	deposifon	or	magnetron	spuUer	
–  Reducfon/eliminafon	of	ﬁgure	distorfon	
•  Alignment	and	Bonding	
–  Precision	machining	of	spacers	
–  Fast	applicafon	and	cure	of	epoxy	
•  System	level	studies	
–  Complete	end-to-end	structural,	thermal,	and	opfcal	
performance	(STOP)	analysis	
–  Construcfon	and	test	of	meta-shells:	performance	and	
environmental		
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Prospects	
•  2016-2017	
–  Demonstrate	possibility	of	making	sub-arcsec	
lightweight	single	crystal	silicon	mirrors	
–  Build	mirror	stacks	that	can	produce	X-ray	images	
close	to	1”	HPD	
•  2018-2019	
–  Demonstrate	mass-producfon	process	for	making	
sub-arcsec	mirrors;	Team	up	with	industry	for	
implementafon	
–  Build	and	test	meta-shells	that	meet	X-ray	Surveyor	
requirements:	performance	and	environmental	
(TRL-6);	Team	up	with	industry	for	systems	
engineering	
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